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IMPROVEMENT IN THE ME THOD AND PLANT FOR MANUFACTURING 

THERMOPLASTIC-RESIN PARISONS 



DESCRIPTION 



10 



The present invention refers to a method and a plant 
adapted to the production on an industrial scale of containers 
of thermoplastic resin, particularly polyethylene terephtalate 
(PET) and polypropylene (PP) intended for filling with liquids 
that may also be at a high temperature and/ or carbonated, ie. 
containing C0 2 gas (carbon dioxide) . 

In the field embracing the technology and the machines for 
manufacturing such containers there are a number of 
developments and improvements aimed at obtaining production 
processes and related apparatuses that are capable of 
producing said containers in an increasingly reliable, cost- 
effective, versatile manner, to an increasing level of 
quality, in a highly competitive industrial context of very 
15 large-scale production. 

These production processes are generally known to be 
capable of being schematically grouped into two basic 
typologies, ie. single-stage and two-stage processes. The 
present invention applies to parisons obtained with both such 
types of processes, as well as the same respective plants. 

Single-stage processes are so defined in that they are 
capable of forming the so-called preform, or parison, and 
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transferring said parison from the injection mould or 
extrusion die (upon it having been cooled down to some 
appropriate temperature) to a conditioning station, where it 
is allowed to uniformly level at a temperature of preferred 
5 molecular orientation. Said preform or parison is then 
transferred to a blow-moulding mould, in which it is finally 
moulded into its desired form. 

Inherent to any single-stage process is the fact that an 
10 uneven heat distribution takes place across the cross-section 
area of the wall thickness of the parison when the latter is 
transferred from the injection mould or extrusion die. Various 
processes have been patented concerning the times and the 
temperatures of the parison when this is removed from the 
15 injection mould, in view of optimizing the related cycle 
times . 

Two-stage processes are so defined due to the fact that the 
blow-moulded bottle is obtained in two distinct phases which 

20 may be carried out even at quite great intervals between each 
other. In fact, the actual advantage of this technology 
derives exactly from the circumstance that the whole process 
is divided into two phases that are normally carried out wide 
apart from each other in terms of both space and time, thereby 

25 ensuring greater flexibility from a technical, manufacturing 
and marketing point of view. 

The individual parisons are produced in the first phase of 
the above process, wherein said parisons are then usually 
30 stored in situ or transported to the premises of the final 
user or processor. 

In the second phase of the above process, the parisons are 
then re-conditioned to the desired temperature and, 
35 immediately thereafter, blow-moulded into the desired final 
products, ie. the bottles. 
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In addition to such a greater flexibility, two-stage 
processes potentially enable also considerable economies of 
scale to be obtained, since a single manufacturer is able to 
produce, in a single and same plant, the parisons that can 
5 then be used to produce various different types of bottles. 

However, two-stage processes have a major inherent drawback 
in their greater energy usage due to the fact that, in the 
second phase or stage thereof, the parisons must be fully re- 
10 conditioned, ie. heated to the optimum temperature required 
for the subsequent blow moulding operation. 

In both said single-stage and two-stage processes and 
plants for the production of hollow plastic products, 
typically bottles, parisons are obtained through continuous 
extrusion of a flow of thermoplastic resin, in particular 
polyethylene terephtalate (PET), into a plurality of multiple 
moulds. However, the actual production of a parison is not 
independent from the manner in which the same is going to be 
blow moulded, as well as the manner in which the resulting 
bottle is going to be used, but must on the contrary take due 
account of a number of such variables as mainly the degree of 
orientation of the parison and the productivity, or output 
capability, of the plant. 
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35 



While the injection process tends to induce a certain 
orientation in the parison, it is quite difficult for the 
actual degree and type of such an orientation to be 
controlled, so that this is carried out under the most 
favourable conditions of temperature distribution. 

The control of the orientation is commonly known to largely 
depend on the temperature of the parison immediately before 
such an orientation. It is further a commonly known practice 
to control such a temperature by placing the parison in an 
ambient at controlled temperature for a given period of time, 
said method being commonly known as "conditioning treatment" 
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by all those skilled in the art, so that it will not be dealt 
with any further in this context. 

When removed from the injection mould, the parison is 
5 relatively cold and it shall be at an appropriate temperature 
in view of the subsequent phases of stretch-blow moulding. 

Therefore, for the parison to reach the desired extent of 
robustness, it shall be cooled down and, for a single-stage 
10 process, this minimum cooling time represents a limit below 
which there would arise problems in connection with the 
removal of the parison from the mould. 

The parison moulding process is commonly known to include 
15 for distinct phases, the sequence of which follows the order 
given below: 

1) mechanical injection-mould clamping phase, 

2) resin injection phase, 

20 3) after-pressure holding phase, 
4) cooling phase. 

While the first three phases are rigid, in the sense that 
they call for well-defined and rigorously established times 
25 and other process parameters to be complied with in order to 
produce the moulded part, the cooling phase actually 
determines the temperature at which the parison is ejected 
from the injection mould. 

30 The longer the cooling time, the lower will of course the 

temperature of the parison be when this is ejected from the 
mould. Conversely, if such a cooling phase is too short, it 
may occur that the temperature of the parison is so high as to 
cause problems to arise in the phase of ejection of the part 

35 from the injection mould . 

Such a cooling time is commonly known to be the by far 
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longest one among the tiroes implied by the various operations 
that must be carried out in order to obtain the finished 
product, including the same conditioning and actual blow 
moulding operations and the related part handling times. 

As a result, since the various processing phases must 
synchronize on the same cycle time (T c ) , which is determined 
by the duration of the longest operation, it ensues that the 
moulding phase actually determines the minimum cycle time that 
cannot be reduced any further owing to the above cited 
technical reasons. 
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35 



The possible and desirable shortening of the time during 
which the parison must dwell in the injection mould sets such 
a mould free and available for the next moulding phase, so 
that it correspondingly shortens such a moulding phase and 
therefore, according to what has been stated above, reduces 
the cycle time and increases the productivity of the whole 
plant. 



It should furthermore be also considered that the latest 
developments concerning the reduction in the basic weight of 
the bottles have led to increased stretching ratios and, as a 
result, increased thicknesses of the parison by an order of 
25 approx. 10 to 15% in the case of containers intended to hold 
low-to-medium carbonated liquids, and 15 to 20% in the case of 
containers for highly carbonated liquids. 



This has also brought about an increase in the machine 
cycle, especially as far as bottle formats for liquids with 
high co 2 contents are concerned, although this phenomenon has 
recently been mitigated by developments introduced in the 
conditioning stations, as disclosed in the Italian patent 
application no. PN95A000048 filed by the same Applicant. 

Since the cycle time of a single-stage machine is dictated 
by the time needed by the parison to reach a certain 



5 



WO 97/39874 



PCT/EP97/01142 



temperature profile at the end of the moulding phase, it 
mainly depends on the thickness of the parison and is 
approximately given by the following equation: 

Cycle time = 12 x (parison thickness in mm/3.429) 2 + 3, 

where 3 is the mechanical time of the injection mould in 
seconds . 

For example, if an average 2-liter bottle is considered, 
the thickness of the parison increases from 3.9 to 4.6 mm when 
changing from low-carbonated liquids to high-carbonated ones. 

Going on with the above example, for the same stretching 
ratio the cycle time for two parisons having an average 
thickness of 3.9 and 4.6 mm would respectively be as follows: 

Cycle time (3.9) = 12 x (3.9/3.429) 2 + 3 = 18.5 sec. 
with a weight of the bottle of 52 gr . , and 

Cycle time (4.6) = 12 x (4.6/3.429) 2 + 3 = 24.6 sec. 
with a weight of the bottle of 4 5.5 gr. 

The increase in cycle time would therefore amount to 
approx. 33%. However, by reducing the weight by 15% and 
increasing the stretching ratios from 10 to 15, the same cycle 
time, for 4.6-mm parisons, comes actually down from 24.6 to 
approx. 20 seconds, thereby saving approx. 5 seconds. 

In any case, notwithstanding such a balancing of the 
stretching ratios (which represents the actual advantage of 
single-stage processes over two-stage ones) , the machine cycle 
time will always exceed by more than 10% the comparable time 
with traditional weight and stretching ratios. 

The opportunity therefore emerges of a reduction in the 
machine cycle times while maintaining traditional weights and 
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stretching ratios. 

In view of improving the productivity of the machine, a 
solution, disclosed in the US patent 4,382,905 to Emery Valyi, 
has been proposed which teaches to remove the parison from the 
injection mould when the temperature of its inner surface 
decreases below the point which corresponds to the highest 
crystallization degree of the particular resin, to remove the 
parison from the mould even when the same parison has not yet 
reached a uniform temperature distribution pattern, and before 
it reaches an average temperature which is suitable for 
orientation, and to quickly transfer the parison to a holding 
mould situated between the injection mould and the 
conditioning mould, so that the heat content of the parison is 
able to continue to evolve, until an average temperature 
suitable for orientation is eventually reached, in the above 
cited patent specification, the holding mould is kept at a 
holding temperature which is substantially lower than the 
temperature of the inner surface of the parison. 

The above cited Valyi patent has however a number of quite 
apparent drawbacks which can be summarized as follows: 

- the injection moulds are cooled rapidly; this, however, 
causes the molten resin to solidify in a quite unsatisfactory! 
poorly uniform manner, so that also the parison, which should 
on the contrary be kept under as uniform conditions as 
possible, will basically lack uniformity, not to mention the 
inherent difficulties in rapidly cooling down the injection 

30 moulds themselves; 

- the holding moulds are neither heat conditioned nor 
temperature controlled, so that, during operation, they can 
reach randomly variable temperature values, thereby putting 

35 the whole process entirely out of control, due to the 
orientation and stretching properties of the parison being 
greatly dependent on the temperature thereof. 
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Such drawbacks, which are both of a constructional nature 
and process-related, have practically hitherto prevented 
processes and plants of the above cited type from being 
implemented in practice. 

Correspondingly, it is therefore a main purpose of the 
present invention to provide: 

a) a single-stage or two-stage method for manufacturing 
parisons of thermally stable thermoplastic resin, wherein the 
phase in which the resin is injected and then cooled down to 
the desired solidification temperature is obtained by 
transferring, in the second part of said phase, the parisons 
into appropriate cooling cups, which are adapted to cool down 
the outer surface of the same parisons to the desired 
temperature through the contact of these parisons with the 
inner surface of said cups, while the inner volume of said 
parisons is set under pressure so that the resulting outward 
deformation thereof ensures, and holds for the desired period 
of time, such a contact at the desired pressure; 

b) a single-stage or two-stage plant adapted to carry out 
the above described method. 

These and further purposes of the present invention will be 
readily and clearly understood by those skilled in the art 
from the reading and comprehension of the description given 
below. 

A non-limiting example of the invention is described and 
illustrated in detail below with reference to the accompanying 
drawings and table, in which: 

- Figure 1 is a schematical view of the sequence of the 
stations and phases for producing a parison and a bottle 
according to the present invention; 
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- Figure 2 is a cross-sectional view of a cup accomodating 
a parison in accordance with the present invention; 

- Table A indicates, in the different subsequent positions 
of the parison in the various phases and stages of the 
manufacturing process, the surface temperature detected as a 
function of the selected cycle time; 

- Figure 3 is a diagrammatic view showing the curves of the 
outer temperatures of a same parison according to different 
cycle times selected, said curves representing graphically the 
values indicated in Table A; 

- Figure 4 is a diagrammatic view showing the curves of the 
temperatures of the outer surface of a parison according to 
the various moulding phases in which the same parison is 
dwelling, for different temperatures of the parison when 
removed from the injection mould cycle times selected. 

20 Referring in particular to Figure 1, it can be noticed that 

the stations of a single-stage according to the invention 
comprise the station A in which the parisons are extruded and 
injection moulded in appropriate multicavity moulds B, a 
conditioning station C (which includes a heating station' CI 

25 and a temperature stabilising station C2) , a blow moulding 
station D, and the additional cool-down station H, which is 
the subject covered by the present invention, switched in 
between the injection moulding station A and the conditioning 
station C. 



15 



30 



35 



The cool-down station H comprises a plurality of cooling 
cups 1, in which the parison 2 is temporarily introduced, said 
cups having their inner walls 3 so shaped as to be able to 
conform to most of the outer surface of the respective parison 
they are accomodating. The neck portion 4 of the parison 
remains outside said cups and is not cooled down. 



9 



WO 97/39874 



PCT/EP97/01142 



Such a station is further provided with closing means 5, 
which are pressure actuated to allow for a greater closing and 
opening speed, adapted to be applied on to the mouth 6 of the 
parison. 

Each one of said closing means is provided internally with 
a through-hole 7 to allow for gas under pressure to be 
insufflated into the cavity of the parison and to be held the 
for the desired length of time, which usually amounts to just 
a few seconds. 

The operation of the apparatus is as follows: at the 
beginning, the parison 2, which has been just removed from its 
injection-moulding mould, is introduced in the cooling cup 1 
in which it settles down, as this is shown in the afore cited 
Figure; immediately thereafter, the closing means 5 is let 
down on to the mouth 6 of the parison and gas under pressure, 
which may also simply consists of compressed air, is let 
thereinto through the through-hole 7. 

Owing to the inner gas pressure, which is set to a value 
situated anywhere within a pressure range from 2 to 4 bar in 
view of obtaining the best overall results, and taking 
advantage of the elasticity of the parison which is not yet 
fully hardened, the cylindrical wall thereof is expanded by 
such an extent as needed for the outer surface thereof to 
establish a tight contact with the inner surface 3 of the cup. 
Since the cup is cold, it rapidly cools down, by means of 
conduction, also said rather hot outer surface of the just 
injection-moulded parison, thereby carrying out and completing 
the required process of rapidly cooling down the parison in a 
span of time in which the parison id out of the respective 
injection mould, so that the latter is already available for 
moulding another parison, ie. performing a subsequent cycle. 

It will of course be appreciated that the means used to 
handle the parisons in the process, as well as the afore cited 
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means for closing and opening the mouths of the parisons and 
insufflating the compressed gas thereinto, are well within the 
capability of anyone skilled in the art, so that they shall 
not be dealt here any further, not even by way of example. 

5 

Preferably, in order to be able to still better and more 
effectively control the temperature of such cups and, above 
all, to prevent the same cup to heat up to any excessive 
extent, it appears appropriate for them to equally undergo 

10 some form of forced cooling. To this purpose, it is therefore 
appropriate to provide a plurality of cooling channels 10 
housed in the solid structure of said cups, said cooling 
channels being run through by a flow of appropriate media, 
which may be simply water, the temperature of which can be 

15 controlled and kept at a pre-determined level so that the 
temperature of the inner surface 3 of the respective cup is 
able to reach the value needed to bring about the pre-set 
temperature drop in the respective parison. 

20 The results of the invention can be verified in a variety 

of manners. A first manner can be referred to Figure 3 which 
shows on its ordinate four sets of parameters (outer 
temperature, times, %) of a same test parison for four 
respective cycle times, said four sets of data referring 

25 respectively to the four data columns of Table A, starting 
from the second line thereof, in which the same results, 
obtained with a typical parison made of AKZO D04 3 00 material, 
weighing 34 gr. and having an average wall thickness of 4.6 
mm, are set forth in tabular form. 

30 

From the results that have been measured, and the diagram 
that has been plotted on the basis thereof, it can be noticed 
that the optimum blow moulding temperature of 114 °c with a 
cycle time of 19.5 sec. under traditional conditions, as 
35 indicated by the point »P», is substantially reached by the 
point "Q« (at 116°C) with a cycle time of only 15 sec. by 
cooling down the parison externally for a time of approx. 12 
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sec. in accordance with the teachings of the present 
invention. 

Theoretically, therefore, the reduction in cycle time, when 
the temperature measurements made with thermal camera are 
assumed to be correct, is indicated to amount to 25%, since it 
changes from approx. 2 0 seconds in the traditional process 
down to 15 seconds in the method according to the present 
invention. 

Referring now to Figure 4, this can be seen to illustrate 
the effect of the invention on the thermal behaviour of the 
parison. In fact, the four curves A, B, C and D represent the 
evolution of the temperature of the surface of the parison in 
the various processing phases for four different temperatures, 
ie. 118°C, 124°C, 133°C and 136°C, respectively, at which the 
same parison is removed from the injection mould. 

On the contrary, the dashed lines Al, Bl, CI and Dl show 
the corresponding evolution of the temperature of the parison 
when the latter is subjected to forced cooling according to 
the present invention. 

The optimum temperature at which the parison should enter 
the blow moulding tool in the last process phase can be 
assumed to lie at 115 °C. From the curves in the diagram it 
clearly appears that, when the initial temperature of removal 
from the injection mould is increased, the final temperature 
will proportionally deviate from the desired temperature of 
115°C 

The described invention, by producing a forced, rapod 
cooling down of the parison, causes the temperature thereof to 
lower in a much quicker manner, as indicated by the curves in 
the diagrams, with respect to the traditional methods, thereby 
giving the practical possibility for the parison to be removed 
from the injection mould even at higher temperatures, eg. 
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136°C in the given example, since the subsequent rapid, forced 
cooling action will bring them down to the ideal final value 
of 116 °C, ie. a value which is very close to the optimum one 
of 114 °C required for the blow moulding phase. 

5 

And it is just such a higher mould removal temperature that 
enables the parison to actually dwell for a shorter time in 
the same injection mould, and this again enables the process 
cycle time to be reduced and, conclusively, the productivity 
10 of the whole plant to be boosted. 
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CLAIMS 



1. Single-stage or two-stage method for manufacturing 
parisons of oriented thermoplastic resin, particularly adapted 
to be subsequently blow moulded into bottles or similar hollow 
bodies of plastic material, comprising the phases of: 

- injection of molten resin into a plurality of multicavity 
moulds (A) , 

- solidification of the respective parisons obtained in 
each cavity of said multicavity moulds, until the inner 
temperature decreases to the temperature that corresponds to 
the highest degree of crystallization of the particular 
thermoplastic resin used, 

- removal of the parisons from the injection mould and 
transfer thereof into appropriate rapid-cooling cups (1) 
before the same parisons reach an average temperature which is 
suitable for orientation, 

characterized in that the cooling of the parisons (2) in the 
respective cooling cups occurs by closing the mouth (6) of the 
parison after the introduction thereof in the respective cup, 
letting gas under pressure into the cavity of the parison so 
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as to enable the outer surface thereof to enter into contact 
with and to conform to the inner surface (3) of the respective 
cup for a pre-determined time. 

2. Method according to claim l, characterized in that said 
cooling cups are cooled by media flowing in channels contained 
in the solid portion of said cups. 

3. Method according to claim l or 2 , characterized in that 
the dwelling time of the parison in the cup is equal to the 
machine cycle time minus the time taken for the parison to be 
removed from the respective injection mould as increased by 
the time needed to transfer said parison from the injection 
mould to the respective cooling cup. 

4. Method according to claim 4, characterized in that the 

the dwelling time of the parisons during the pressurization 
phase in the respective cooling cups is situated between 10 
and 15 seconds. 

5. Method according to any of the preceding claims, 
characterized in that the pressurizing gas is kept in the 
interior of the cavity of the parison at a substantially 
constant pressure comprised between 2 and 4 bar. 

6. Plant for for manufacturing parisons of oriented 
thermoplastic resin, particularly adapted to be subsequently 
blow moulded into bottles or similar hollow bodies of plastic 
material, comprising a plurality of multicavity injection 
moulds (A) into which molten resin capable of solidifying and 
forming into a plurality of respective parisons (2) is 
injected sequentially, characterized in that it further 
comprises: 

- a plurality of cooling cups (l) adapted to accomodate 
said parisons upon removal thereof from said multicavity 
injection moulds (A) , 
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- transfer means adapted to transfer said parisons from 
said multicavity injection moulds to the respective cooling 
cups, 

- means adapted to insufflate and keep, for a definite 
period of time, gas under pressure in the cavity of the 
respective parisons upon the transfer thereof into the 
respective cooling cups. 

7. Plant according to claim 6, characterized in that said 
cooling cups are provided in a cooling station (H) arranged 
between the injection station (A) , which comprises said 
multicavity injection moulds (B) , and the conditioning station 
(C) . 

8. Plant according to claim 7, characterized in that said 
cooling cups are cooled by media circulated in appropriate 
channels (10) provided in the solid portion of the body 
containing said cups. 

9. Plant according to claim 8, characterized in that said 
circulating cooling media are kept at a temperature in the 
range between 8 and 12 °C. 
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r . , AMENDED CLAIMS 

I received by the International Bureau on 20 August 1997f?o na q 7 \. 
original claims 1-9 replaced by amended clTtei^lj^SJP' 



1. Single-stage or two-stage method for manufacturing 
parisons of oriented thermoplastic resin, particularly adapted 
to be subsequently blow moulded into bottles or similar hollow 
bodies of plastic material, comprising the phases of: 

- injection of molten resin into a plurality of multicavity 
moulds (A) , 

- solidification of the respective parisons obtained in 
each cavity of said multicavity moulds, until the inner 
temperature decreases to the temperature that corresponds to 
the highest degree of crystallization of the particular 
thermoplastic resin used, 

removal of the parisons from the injection mould and 
transfer thereof into appropriate rapid-cooling cups (l) 
before the same parisons reach an average temperature which is 
suitable for orientation, 

/rtnnnl-nrinml in the cooling of the parisons (2) in the 

respective cooling cups occurs by closing the mouth (6) of the 
parxson after the introduction thereof in the respective cup 
letting gas under pressure into the cavity of the parison so 
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as to enable the outer surface thereof to enter into contact 
with and to conform to the inner surface (3) of the respective 
cup for a pre-determined time. m 



jo-* — Method — aooording to olaim 1 9 oharo o t a giood — in Bw t/ said 
cooling cups »eacooled by media flowing in channels contained 
in the solid portion of said cups. 



— Mothod aooording to olaim 1 o r 3/ characterized in that 

the dwelling time of the parison in the cup is equal to the 
machine cycle time minus the time taken for the parison to be 
removed from the respective injection mould as increased by 
the time needed to transfer said parison from the injection 
mould to the respective cooling cup. 

Z A 

/. Method according to claim /, characterized in that the 

the dwelling time of the parisons during the pressur ization 
phase in the respective cooling cups is situated between 10 
and 15 seconds. 

3 to c(av >l 2 

jf. Method according to any of — tho proooding claimc , 
characterized in that the pressurizing gas is kept in the 
interior of the cavity of the parison at a substantially 
constant pressure comprised between 2 and 4 bar. 

f. Plant for for manufacturing parisons of oriented 
thermoplastic resin, particularly adapted to be subsequently 
blow moulded into bottles or similar hollow bodies of plastic 
material, comprising; a plurality of multicavity injection 
moulds (A) into which molten resin capable of solidifying and 
forming into a plurality of respective parisons (2) is 
injected sequentially, oharaotoria a d — — — irfe — further 
oompriooo \ 

- a plurality of cooling cups (1) adapted to accomodate 
said parisons upon removal thereof from said multicavity 
injection moulds (A) , 
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- transfer means adapted to transfer said parisons from 
said multicavity injection moulds to the respective cooling 
cups , 



- means adapted to insufflate and keep, for a definite 
period of time, gas under pressure in the cavity of the 
respective parisons upon the transfer thereof into the 
respective cooling cups^ 

fe . Plant m n ording to oiaim c T characterized in that said 
cooling cups are provided in a cooling station (H) arranged 
between the injection station (A), which comprises said 
multicavity injection moulds (B) , and the conditioning station 
(C) . 

/. Plant according to claim /> rMno'tori nli In fahaU said 
cooling cups are cooled by media circulated in appropriate 
channels (10) provided in the solid portion of the body 
containing sai~i cups. 



* Plant accor d ing to uluiu. 0/ characterized in that said 

circulating cooling media are kept at a temperature in the 
range between 8 and 12 °c. 
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